Abstract-In some of the real world projects, there exists an uncertainty in realization of some activities. Furthermore, duration of activities is non¬-deterministic. So, GERT networks are used to describe these projects; but there is a certain type among these projects, which is completed by completing one path out of various paths of the network. Therefore, in this research, it is assumed that the project can be shown as a GERT network with exclusive-or probabilistic nodes. Also, it is supposed that the network has one or more than one loops. It is supposed that the duration of activities is known random variables. It is obvious that the completion time of project is a random variable too. Project managers are interested to recognize the cumulative distribution function of completion time in due date. Analytical methods cannot obtain the above-mentioned function. In addition, due to tedious efforts in analytical methods for computing the moments of completion time, a new heuristic algorithm has been developed to analyze the network. The new algorithm can compute the cumulative distribution function of completion time of the project. Besides, time distribution of realization of each end node can be computed. A computer program has been written based on the proposed new computational algorithm. Finally, two examples have been solved using the proposed algorithm.
of completion time for fuzzy GERT networks has been computed. It is supposed that the durations of activities are trapezoidal fuzzy numbers. The aim of this research is to find the occurrence time of the end nodes [7] .In recent years, some new methods are proposed for analyzing the Boolean dynamical systems.Optimal estimation of the state of a Boolean dynamical systems is observed through correlatednoisy Boolean measurements. An optimal minimum mean-square error filter is created for a class of Partially-Observed Boolean Dynamical Systems (POBDS) with correlated Boolean measurements [8] .Partially-observed Boolean dynamical systems are a general class of nonlinear models withapplication in estimation and control of Boolean processes based on noisy and incomplete measurements. A maximum-likelihood adaptive filter is developed based on an efficient particle-based expectation maximization algorithm for the Partially-observed Boolean dynamical systems model, which is based on a modified forward filter backward simulation in combination with the auxiliary particle filter -Boolean Kalman smoother [9] . Some of researchers, a novel uncertainty propagation approach is created for multidisciplinary systems with feedback couplings, model discrepancy, and parametric uncertainty. In their study, the proposed method incorporates aspects of Gibbs sampling, importance resampling, and density estimation to ensure that, under mild assumptions, the current method is provably convergent in distribution [10] . Stochastic control problem of gene regulatory networks observed indirectly through noisy measurements and with uncertainty in the intervention inputs is studied newly. Obtaining the optimal infinite-horizon control strategy for this problem is not attainable in general. Therefore, reinforcement learning and Gaussian process techniques to find a near-optimal solution are applied [11] .
The purpose of this paper is to find the cumulative distribution function of the completion time of a project in a special kind of GERT network. It is assumed that studied network has loops and the nodes are exclusive-or probabilistic.
The paper structure is as follows: Section 2 describes the problems of the previous methods. Section 3 describes the proposed method. In this section the notations, assumptions and steps of the new algorithm are introduced. Section 4describes the developed software. In section 5, two designed examples are presented to evaluate the performance of the proposed algorithm. Finally, section 6 is devoted to the conclusion and recommendations for future researches.
II. PROBLEMS OF PREVIOUS METHODS
The flow graph analysis is the basis of the mathematical calculation of the GERT networks. Flow graph includes a set of nodes and branches in which nodes represent variables and branches represent relationships among the nodes. In general, there are three methods for obtaining the value between two nodes in a flow graph. These three methods include the topology equation, the Maison rule and the simplification method.
Using the topology equation, the value of a path in a closed flow graph can be obtained. In this equation, in order to calculate the value of second order loops, identifying all of the first order loops is necessary. Therefore, when the number of loops in the flow graph increases dramatically, finding higher order loops becomes difficult. Also, this equation does not solve the open flow graph. In this method, for solving the problem open flow graph must be transformed to closed flow graph.
Maison rule calculates the value between two nodes in open and closed flow graph directly. For using the Maison rule, the topology equation should be defined. Therefore, in the Maison rule, we have similar problems.
Simplification method simplifies a flow graph or GERT network. This method calculates the value between two arbitrary nodes of the network. In this method, if the number of loops and paths increases dramatically, we will not be able to simplify the network.
In the GERT network, the value between two nodes is calculated as follows:
( ) Is the probability of occurrence of activity i-j and ( ) is the moment generating function of activity time i-j.
So, we can write:
If the number of loops and paths in the GERT network increases dramatically, calculating the first and second derivatives of the moment generating function will be difficult. Also, calculating moments does not help to know the probability distribution function. Therefore, we have tried not to use the moment generating function in the proposed algorithm as this function cannot be determined in real world in the networks that contain a lot of paths and loops.
III. PROPOSED METHOD
The developed algorithm in this study allows for further numbers of loops and paths in the network. In this algorithm, without using the moment generating function, we have been able to calculate the cumulative distribution function of the time to reach the end node. Also, this algorithm is used for open and closed flow graph.
Notations
We used the following notations in this paper.
: Number of the activities. : The set of network's end nodes. : Number of simulation runs.
: The number of the activities that have created the loops (activities in which start node are bigger than end node).
: Occurrence probability of j-th path which terminates in i-th end node. : Due date of the project.
: The number of paths starting from start node and terminating in i-th end node. : The value of 1 − ∑ ∑ =1
| | =1
: Activities set of j-th path which terminates in i-th end node. : Accomplishment probability of k-th activity, given that start node of these activities have occurred.
( ): Occurrence probability of i-th end node in time that less than or equal . : Random variable of completion time of k-th activity. ̂( ):Estimation of ( ). ( ): Cumulative distribution function of j-th path which terminates in i-th end node. ̂( ): Estimation of ( ).
( ): Cumulative distribution function of occurrence time of i-th end node, given that this node has already occurred. ̂( t): Estimation of ( ).
: The numbers of the network completion through the occurrence of j-th path which terminates in i-th end node in simulation.
1 : The number of start node's activity k. 2 : The number of end node's activity k.
: The numbers of network completion time, in which the time is less than or equal to t through the occurrence of the j-th path which terminates in i-th end node.
Matrix (Trans): Each matrix row shows characteristics of a path of the network as follows. Suppose that the TR matrix components are shown by , . Then:
The number of end nodes of the r-th path. 2 =| |: The number of activities that lie on the r-th path. Components 3 , 4 , … show the numbers of activities that belong to sequentially. If the number of matrix columns is , then:
, −1 : The numbers of the time that network is completed through the occurrence of the r-th path in simulation.
, : The amount of in r-th path.
Assumptions
We have the following assumptions in this paper.  The GERT network has one or more loops.  Network loops are not created by connecting the end nodes to the start nodes.  Network nodes are exclusive-or probabilistic.  Network has only one start node, but it can have more than one end node.  The start nodes are represented by zero and the end nodes are represented by negative numbers.  Time of activities is a continuous random variable with a probability density function.  The probability of occurrence of each activity is known given that the start node of the activity is realized.
Steps of new algorithm
The steps of the algorithm are as follows:
Step 1: define the values of , , , | |. Define the value of or arbitrarily. Then, enter the values 1 , 2 , for each activity. For each activity, if is constant, enter its value. Otherwise, specify the probability distribution of and enter its parameters.
Step 2: = 1
Step 3: simulate the GERT network once. It is supposed that the realized path is repeated and in the previous steps, the specifications of the path is saved in r-th row of , then in the r-th row of set , −1 = , −1 + 1. Otherwise, set the path in the first blank row of the . Set the number of end node in 1 . Set the number of activities of the realized path in 2 . Compute the completion time of the path. If ≤ , set , = , + 1. Otherwise, , won't change.
Step 4: if the stop criterion is the number of simulations, check = . If = , go to the next step. Otherwise, set = + 1 and go back to step 3. If the stop criterion is and 1 − ∑ ∑ =1 | | =1 < , go to the next step. Otherwise, set = + 1 and go back to step 3.
Step 5: an estimation of ( )is obtained by dividing the number of ( ) which is less than or equal , by . So, first computê( ). Then, define the following values.
Step 6: finally, compute the following equation.
In this algorithm, the density distribution function of activities can be exponential distribution function with parameter or normal distribution function with parameters N, µ, or uniform distribution function with parameters a, b or gamma distribution function with parameters α, β. 
IV. ABOUT THE DEVELOPED SOFTWARE

V. EXAMPLES
In this section, we have designed 2 examples for the GERT network with loops. Examples are solved using a computer program that written based on the algorithm. In this program, Q or AV can be selected arbitrarily. By increasing the amount of Q, it can be seen that the program detects more paths. It is obvious that not all the paths can be identified because of the loops. Also, by entering the AV value and changing it, it can be seen that the sum of the probabilities of the occurrence of the path is very close to the number one. Thus more paths are identified. So, we are looking to identify paths which are the most important among all.
Example 1
Consider the below GERT network. In the computer program, we have entered values of = 10000, = 9. By entering these values, the program identifies fifteen paths, of which nine paths are without loop and six paths are with loop. In the table below, the calculated values for ( < ), ( )and ( )are given. 
Example 2
A company has customized to make gears of the same size. The company wants to know how much is the probability of having healthy and detective gears? And how much is the cumulative distribution function of the time to reach the healthy gears? Also, how much network completion time? The GERT network and example information are as follows. In the computer program we have entered values of = 0.0001, = 6. By entering these values, the program identifies twelve paths, of which nine paths are without loop and tree paths are with loop. Also, the value of and the exact probability sum of the paths respectively are 13063 and 0.9999719. In the networks with a high number of paths and loops, it is better to run the program with the value of . Because by entering the value of can be also achieved . In the table below, the calculated values for ( < ), ( ) and ( ) are given. 
VI.
CONCLUSION AND RECOMMENDATIONS  In this paper, an algorithm is proposed to find the cumulative distribution function of the project completion time without using the moment generating functions. The designed algorithm identifies the network paths with a high probability of realization and finds the completion time of GERT networks with loops and exclusive-or probabilistic nodes.  The proposed algorithm can solve the problems with many loops and paths.  The proposed algorithm can obtain the estimated probability of occurrence in each path. So, the obtained probabilities can be compared with real values. We also use the sum of estimated probability as a stopping point. This way, if this sum of probabilities is very close to the number one, we stop.  The usage of the proposed algorithm for project managers.  In this paper, GERT networks are only included exclusive-or probabilistic nodes. Analyzing the GERT networks with other kinds of nodes is suggested for the future studies.  The new methods for analyzing the Partially-Observed Boolean Dynamical Systems (POBDS) can be considered for analyzing the problem of this paper in future studies.
